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The recent observational results^ of the 
BASTE detector strongly suggest that the 
sources of weak 7-ray bursts are at cosmo- 
logical distances^ A number of theoretical 
models for explaining these sources have also 
been proposed^. Here we argue that con- 
version of neutron stars to strange stars can 
be another possible origin of 7-ray bursts. 
The converting stars may be neutron stars in 
the binaries with low-mass companions. We 
show that the energy released per conversion 
event satisfies the requirements of cosmolog- 
ical bursts, and the Lorentz factor of the re- 
sultant expanding fireball can exceed 5 x 10'^ 
because the strange star has very low baryon 
contamination. The model burst rate is also 
consistent with the observed one. Our model 
may provide an explanation why the binary 
millisecond pulsars having accreted matter 
with over 0.5A/q seem to have same low mag- 
netic fields^. 

When nucleon matter is squeezed to a sufficiently 
high density, it turns into uniform two-flavor quark 
(u and d) matter. But the quark matter is unstable, 
and subsequently converts to three-flavor (strange) 
quark matter, which is due to the fact that strange 
matter may be more stable than nucleon matter''. 
The properties of strange stars have been studied^'^. 
However, the existence of strange stars is doubt- 
ful. First, the glitch behaviors of pulsars are usu- 
ally well described by the neutron-super fluid vortex 
creep theory (for a review see Ref.[10]), but in cur- 
rent strange-star models one hardly explains the ob- 
served pulsar glitches. Second, the conversion of a 
neutron star to a strange star requires the formation 
of a strange-matter seed in the star, which is pro- 
duced through the deconfinement of neutron matter 



at a sufficiently high density much larger than the 
central density of the IAMq star with a rather stiff 
equation of state^^'^'^. For these two reasons, we as- 
sume that the pulsars except some millisecond ones 
are ordinary neutron stars. 

It is thought that the density for deconfinement 
of neutron matter with an intermediately stiff (or 
stiff) equation state to two-flavor quark matter is 
near 8po {po is the nuclear density)^^'^^. For a 
soft equation of state, the deconfinement density 
is lower. Here we assume that the equations of 
state in neutron stars are intermediately stiff or stiff. 
This is because soft equations of state at high densi- 
ties are ruled out by the postglitch recovery in four 
pulsars^^. More detailed analyses of the postglitch 
curves of the Crab and Vela pulsars also draw sim- 
ilar conclusions^^'^^. In addition, the soft equation 
of state like kaon condensation seems not to occur 
in stable neutron stars^^. The neutron stars with 
IAMq based on the modern equations of state^^ 
named UV14+UVII, AV14-FUVII and UV14-FTNI 
must accrete matter of ~ 0.6Mq, 0.5Mq and OAMq 
in order that their central densities reach the de- 
confinement density. Once this condition satisfies, 
strange-matter seeds are formed in the interiors of 
the stars. 

After a strange-matter seed is formed, the 
strange matter will begin to swallow the neutron 
matter in the surroundings. While it has been 
proposed^^ that the combustion corresponds to the 
slow mode, subsequent work^^ shows that this mode 
appears to be hydrodynamically unstable. Thus the 
conversion of neutron matter should proceed in a 
detonation mode. The total kinetic reaction of the 
detonation mode has two stages: the formation of 
two-flavor quark matter, and the weak decays that 
form strange matter. Since the second process en- 
hances the thermal energy at the expense of the 
chemical energy of two-flavor quark matter^'', the 
temperature in the star's interior will increase more 
than lOMeV. In addition, the timescale^^ for the 
conversion of a neutron star to a strange star is 
smaller than Is. 

The resulting strange star^^ has a thin crust with 
mass ~ 2 X 10~^Mq and thickness ~ 150m. But 
the nuclei in this crust may decompose into nucle- 
ons because of the internal temperature of lO^^K. 
Approximating strange matter by a free Fermi gas. 
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we obtain the total thermal energy of the star, 
Eth ~ 5 X 10^^ ergs (p/po)^^^-^^6^ii ' where p is the 
average mass density, Rq the stellar radius in units 
of 10^ cm, and Tn the temperature in units of lO^^K. 
Adopting p = 8po, Rq = 1, and Tn = 1.5, we have 
Eh ^ 5 X 10^2 



' ergs. 



The star will cool by the emission of neutri- 
nos and antineutrinos. Because of the huge neu- 
trino number density the neutrino pair annihi- 
lation process e^e~ operates in the re- 
gion close the strange star surface. The total 
energy^^ deposited due to this process is Ei ~ 
2 X 10^8 ergs {Tq/W^K)^ ~ 10^^ ergs (where Tq is 
the initial temperature). The timescale for deposi- 
tion is of the order of Is. On the other hand, the 
processes for n+u^. —> p+e~ and p+i^e n+e'^ play 
an important role in the energy deposition. The in- 
tegrated neutrino optical depth^^ due to these pro- 
cesses is r ~ lO^'^pg^^Ti^ (where pg is the crust den- 
sity in units of lO^g cm^^) . So the deposition energy 
is estimated by E2 ~ -Eth(l — e~'^) ~ 2 x 10^^ ergs. 
Here we have used the neutron-drip density, and 
have assumed that the thermal energy of the star is 
wholly lost in neutrinos. The process, 77 <-> e+e", 
inevitably leads to creation of a fireball. However 
the fireball must be contaminated by the baryons 
in the thin crust of the strange star. Define r] = 
Eq/Mqc^, where Eq = Ei + E2 is the initial ra- 
diation energy produced {e'^e~, 7) and Mq is the 
conserved rest mass of baryons with which the fire- 
ball is loaded. Since the amount of the baryons 
contaminating the fireball cannot exceed the mass 
of the thin crust, we have ry > 5 x 10^. The fireball 
will expand outward. The expanding shell (having 
a relativistic factor F ~ r/) interacts with the sur- 
rounding interstellar medium and its kinetic energy 
is finally radiated through non-thermal processes in 
shocks^^. 

What mechanism results in conversion of neu- 
tron stars? Here we propose that accretion in bina- 
ries with low-mass companions can lead to the con- 
version. We assume that at the beginning of accre- 
tion the masses of neutron stars are IAMq. It has 
been shown^ that the amounts of matter accreted 
by the 18 radio pulsars in these binary systems ex- 
ceed 0.5Mq. If this is true, some of the millisecond 
pulsars may be strange stars. By assuming that the 
number of galaxies at cosmological distances is Af, 



and the number^^ of the low-mass X-ray binaries 
with neutron stars accreting at a high rate near the 
Eddington limit is Nb, we have the burst rate 
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where MEdd is the Eddington accretion rate of the 
standard neutron star with radius of 10km. The 
estimated burst rate is consistent with the observed 



one. 



Since the strange stars have thin crusts formed 
during accretion from the surroundings, their max- 
imum magnetic field (-Bmax) is estimated through 
the condition^^ that in the crust the magnetic stress 
is equal to the maximum shear stress, viz., By[iqj^ ~ 
{8Trp9l/Ry^^ , where I is the crust thickness, p the 
lattice shear modulus (~ 3 x lO^^dyncm"^ at the 
neutron-drip density), 9 the shear angle (~ 10~^). 
According to the crustal plate tectonics model^^, 
during the spin-up of the neutron star the magnetic 
field lines will be pushed into a small cap around 
the spin axis pole. Therefore, after the conversion 
of the star the effective magnetic field (-Bejf ) of the 
strange star is calculated through the fact that the 
observed magnetic moment (~ BgsR^) is equal to 
the real one in the small cap (~ B^naxRl^)- So we 
have 
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It is interesting to note that the magnetic-field 

strengths of the binary millisecond pulsars seem to 
saturate at the above estimated value if the accreted 
matter^ is larger than 0.5Mq. 

It is well known that the merging of two neu- 
tron stars has been proposed as a possible ori- 
gin for cosmological 7-ray bursts^^. Our convert- 
ing model differs from the merging model as fol- 
lows. First, the merging should produce observable 
gravitational waves^^. But there are no gravita- 
tional radiations in our model if the conversion is 
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spherically symmetric. Future observation of grav- 
itational waves may distinguish between the con- 
verting and merging processes. Second, the for- 
mation rate of compact binaries is quite uncertain, 
but a current cstimation^^ lies in the range 10~^- 
10~^yr~^ per galaxy. Thus the merging rate seems 
to be much larger than the observed burst rate. In 
our scenario, the estimated rate is consistent with 
the burst rate. Finally, because the strange star 
just formed during the conversion has a very thin 
crust, the resultant fireball is contaminated by a 
small amount of baryons < 10~^Mq. But in the 
merging model the number of baryons loaded with 
the fireball is unlikely to be small^'^. Therefore, the 
evolution of the fireball in the conversion model is 
somewhat different from that in the merging model. 
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